ABSTRACT Unidirectional chloride effiuxes from small bundles of muscle fibers were measured under equilibrium conditions. It was found that chloride effluxes are described by the constant field theory with a chloride permeability constant, Pcl, which is independent of the chloride concentration and the membrane potential. The value of Pol at neutral pH was found to be 5 X 10 -6 cm/ sec. Chloride movements were markedly depressed at low pH and increased at high pH. It is concluded that chloride fluxes are independent of each other over a wide pH range. The effect of nitrate on the chloride efltuxes was measured. It was found that both external and internal nitrate alone reduced the chloride efflux with the external nitrate appearing more effective than internal nitrate due to the nonequilibrium nature of the experimental conditions. Under equilibrium conditions the reduction of the chloride efflux by nitrate was greater than the external nitrate effect, both of which were dependent on the relative proportion of nitrate in the bathing solution. These results are consistent with the hypothesis that the inhibition of the chloride movements by nitrate is essentially symmetrical with regard to the inside and outside surfaces of the muscle membranes. The relative action of nitrate on the chloride efltux was independent of the external pH despite marked changes in the absolute values of the fluxes measu.red.
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I N T R O D U C T I O N
T h e net movements of chloride induced by a nonequilibrium state can be described by the constant field theory (Goldman, 1943; Hodgkin and Katz, 1949) where the term containing the mobility of C1 in the membrane, the C1 permeability constant (Pcl), is independent of the external chloride concentration and the m e m b r a n e potential (Hodgkin and Horowicz, 1959) . W h e n this PeR is used to calculate the unidirectional CI fluxes under equilibrium conditions a calculated CI efflux results which is greater than that experimentally measured (Adrian, 1961 ; Hodgkin and Horowicz, 1959) .
Chloride movements are further restricted in the presence of other anions such as Br-, N O 8-, and I-. Measurements of this type of anion interaction have been made under nonsteady-state conditions where usually all of the external chloride is replaced with another anion (Adrian, 1961; Harris, 1958; Hutter and Warner, 1967 c; Spurway, 1965 a, b) . In this situation the outward chloride movement is considerably reduced while external anions are moving inward.
Interaction between C1 and other anions has also been demonstrated by potential and conductance measurements (Hodgkin and Horowicz, 1959; Hutter and Padsha, 1959; Washio and Mashima, 1963) . These experiments suggest that the C1 permeability is reduced in the presence of other anions (Horowicz, 1964; Tsofina and Liberman, 1964) .
In addition to anion interactions in muscle it has recently been shown that external p H and some foreign cations have marked effects on the permeability of skeletal muscle fibers to chloride while potassium movements are relatively unaffected (Brooks and Hutter, 1962; Hutter and Warner, 1967a, b, c; Mashima and Washio, 1964) . The p H dependence is especially reflected in conductance measurements (del Castillo, Nelson, and Sanchez, 1962; Hutter and Warner, 1967 a; Meves and V61kner, 1958) and to a lesser degree by tracer measurements of the chloride effiuxes (Brooks and Hutter, 1964; Hutter and Warner, 1967 b) . Previous studies of p H effects have been done on membrane potential changes which are quite small and do not reflect the large changes which occur in the chloride permeability (Ling and Gerard, 1949) .
The experiments reported in this paper deal with the measurement of the absolute value of the chloride effiux and the interaction of chloride and other anions, mainly nitrate. It will be shown that the measured chloride effiuxes agree with the constant field predictions. It will become apparent that the interactions between chloride and nitrate are markedly dependent on whether the measurements are made under equilibrium or nonequilibrium conditions; that these interactions are symmetrical with regard to the inside and outside surfaces of the membrane; and that the reduction of the chloride effiux by nitrate is independent of the pH.
M E T H O D S
Bundles of 8-40 fibers from the semitendinosus of Rana pipits were dissected in such a way that the bundle was only two or occasionally three fiber layers thick. The procedure used for dissecting and mounting the fibers was similar to that described by Horowicz and Gerber (1965) . After the dissection the fibers were depolarized with 140 rr~ (K) (solution J, Table I ) for one-half hour to remove all the internal chloride. The solution was replaced with the loading solution which contained radioactive 86C1. The loading time was about 1 hr when no interacting anion was present. The radioactive solution was then replaced with inactive solution and the bundle transferred to the effiux chamber without going through an air-solution interface. The effiux of 36C1 was then collected periodically. All the experiments were done at room temperature which was 21-22°C. 36CI solutions were prepared by drying at pH 7 a solution of K86C1 received from Iso/serve, Inc. (Cambridge, Mass.) with a specific activity of 10.9 m c / g C1 a n d using this KC1 as the sole source of CI. T h e r e m a i n i n g components of the solution were similar to the efltux solutions listed below. T h e loading solution was always buffered at p H 7.1 with phosphate. All experiments were done in a n efflux c h a m b e r which was a modified version of one designed in this laboratory by Dr. B. A. Curtis (Curtis, 1967) . Fig. 1 demonstrates the method employed in the c h a m b e r which collected the effiux from the central portion of the bundle excluding the tendons. T h e b u n d l e was m o u n t e d in the collecting channel a n d a Lucite top was sealed with vaseline over the channel to prevent c o m m u n i c a - tion between the external bath a n d the fluid in the channel. T h e two end pools conm i n i n g the tendons were joined to avoid a hydrostatic pressure difference between points A a n d A'. T h e inflow rate used was 10 m l / m i n a n d the collected outflow rate was 0.5 m l / m i n . These flow rates were regulated by controlling the hydrostatic pressure a n d the flow resistance through capillary tubing. Radioisotope or methylene blue added to the end pools in the region of the tendons could not be detected in the collected outflow. T h e b o u n d a r y at point A or A', where the inflow divides between the collected outflow through C a n d the waste suction through D, is illustrated by the arrows in Fig. 1 b. T h e flow profile was studied by m o u n t i n g a piece of polyethylene tubing ( I n t r a m e d i c PE 10, I.D. 0.011 inch X O.D. 0.024 inch) in place of a bundle. A small pin hole in the wall of the tubing allowed passage of a methylene blue solution which simulated the efflux of ions from a bundle a n d could be observed. T h e b o u n d a r y at point A or A' was quite distinct a n d at the flow rates used no net drag flow through the channel occurred. I n each experiment methylene blue was added to the end pools a n d was never seen in the outflow tube. I n some control experiments the inflow rate was changed a n d the efflux curve was The half-time of the chloride efflux was unaltered showing that the direction of this shift is consistent with the hypothesis that only the area of the fibers from which the efflux was collected had changed and not the efllux per cm ~. In all the experiments reported the same constant inflow rate was used.
Counting Procedure
The efltux samples were collected every 2 or 3 rain to give a volume of about 1 ml. scintillator used consisted of two parts of 2,5-diphenyloxazole (PPO), 2 g/liter; 1,4-bis-2-(4-methyl-5-phenyloxazolyl)-benzene (POPOP), 100 rag/liter, dissolved in 80% toluene, 20 % ethanol, and one part of Triton detergent purchased from Burris Products Co., Stark Industrial Park, Charleston, S. C. This scintillator will effectively dissolve 30 volumes % of water. The counting efficiency was calculated to be 95-100 %.
Solutions
The buffer generally used was Na,HPO4-NaH2PO4 at a total concentration of 1.5-2 mM depending on the pH desired. For high p H a Tris buffer of 2 mM was selected. All solutions were prepared with 8 rr~ CaSO4 used as the solvent. The remaining concentrations are shown in Table I .
RESULTS

Chloride E/flux at Different Chloride Concentrations and Membrane Potentials
88C1 effiuxes collected from the central portion of small bundles can be described by a simple exponential curve as illustrated in Fig. 2 . This exponential behavior was not observed if the 36C1 efflux was collected from the whole bundle preparation including the tendons. The tendons apparently have a 36C1 compartment with a half-time of about 20 min. Since extrapolation of data similar to that shown in Fig. 2 showed that the initial ~6C1 fiber concentrations (millimoles per liter myoplasm) compared reasonably well with the 36C1 concentration in the loading solution, it was concluded that chloride came to equilibrium during the equilibration in radiochloride with the same specific activity inside and outside the fiber. Therefore, in the experiments which follow it was implicitly assumed that the internal chloride concentration (millimoles per kilogram fiber water) was equal to the external C1 concentration.
The movement of chloride ions through a muscle membrane has generally been measured under the influence of an electric field resulting from the ionic distributions present. M e m b r a n e potential and conductance studies have been successfully interpreted by assuming a constant field across the membrane. It has, however, been pointed out that the experimental agreement with the constant field equation is approximate and may only apply to net movements (Hodgkin and Horowicz, 1959) . Most experiments were therefore done with-
out a potential across the membrane to avoid the assumption of a constant electric field. Bundles of muscle fibers were equilibrated and washed in solutions containing 20 or 40 rnM chloride (solutions A and C). When the same sequence of solution changes employed in these tracer experiments was used, membrane potentials of about -3 mv were measured in solutions A, B, C, and E at pH 7.1 and in solution A at pH 8.5. (Table III) . For these two concentrations the rate constants for chloride passing through the membrane are apparently independent of the chloride concentration. This result is consistent with the finding of Hodgkin and Horowicz (1959) that the chloride permeability constant Pc~, is relatively independent of the chloride concentration. When a membrane potential of zero is assumed, the value of Pc~ can be calculated from the simple relations,
and
where Pc~ has the units of cm/sec, mo is the C1 efflux in pmoles/cm2sec, (C1), is in mM/kg fiber water, k is the rate constant for the CI efflux, and tli~ is the time in minutes required for half of the radioactivity of the cell to be lost. The tl/2 is equal to 0.69/k and a fiber diameter of 80/~ has been assumed in all calculations. Equation (1) does not require the assumption of a constant field and can be derived from the definition of a permeability constant. Using the average value of the C1 effiux in 20 mM (C1), Pc1 calculated.by equations (1) and (2) is 4.8 X 10 -6 era/see where it has been assumed that (C1)o equals (C1),. This value agrees reasonably well with that found by electrical measurements suggesting that unidirectional chloride fluxes can be predicted by a relatively simple membrane model (Hodgkin and Horowicz, 1959) . If the constant field equation applies to the C1 fluxes it should be possible to predict the efflux rate when the membrane potential is changed from zero to some finite value by an alteration in the ionic concentrations (Adrian, 1956; Boyle and Conway, 1941; Hodgkin and Horowicz, 1959) . In the experiment illustrated by Fig. 3 the bundle was first equilibrated and washed in 20 mM (C1)o (solution A) with a half-time of 5.6 rain. At time tx, the solution was changed to 53 mM KC1 (solution D) which has the same (K)o(C1)o product and ionic strength as solution A thus preventing net movements of C1 or K and reversibly changing the membrane potential to a new equilibrium value. Under these conditions the half-time of the efflux was reduced to 3 rain.
To calculate the half-time for the new equilibrium condition the constant field theory (Goldman, 1943) will be used. When the sign convention adopted by Hodgkin and Horowicz (1959) is used, the constant field equation takes the form (Adrian, 1962) ,
The C1 effiux at zero membrane potential for the experiment illustrated in Fig. 3 used, the half-time for the C1 effiux into 53 rnM KC1 can be calculated by equations (2) and (3). These calculations give a Pcl of 4.1 X 10 -6 cm/sec for the CI effiux in Fig. 3 at zero membrane potential and a half-time of 3.6 min in 53 mM KC1 compared to the measured value of 3 min. The average value (q-SEM) of the half-time in 53 rnM KC1 is 2.6 4-0.4 min (Table III) and using a Pcz of 4.8 X 10-8 cm/sec, the calculated value is 3.1 min. Although the membrane potential was not measured in these experiments a change of 24 m y in the potential would be expected. One experiment done in a solution containing a higher K concentration (solutions H and I) showed a similar result. Since the error of the tl/~ measurement is of the order of a half minute the agreement between theory and experiment is rather good. It should be emphasized that the calculation of Pcl in these experiments does not involve the constant field assumption whereas the calculated value of tl/~ does.
Effect of Nitrate on the Chloride Ej~ux
The movement of chloride across the muscle membrane is markedly inhibited by the presence of foreign anions in the external solution (Adrian,
1961; Hutter and Warner, 1967 c; Harris, 1958; Spurway, 1965 (Table III) . In each of these experiments the efflux of chloride into a nitrate solution is compared with a control value of the C1 efftux into a nitrate-free medium on the same bundle. Membrane potentials were later measured under these conditions and found to be about -3 my. Since the chloride concentrations were equal across the membrane and the potential was essentially zero, the presence of nitrate must have reduced the chloride permeability. tions; ordinate, ratio of CI efttux with NOs to control effiux.
1.0
• Abscissa, ratio of concentra- Fig. 4 is a plot of the C1 efflux vs. the ratio, (NOs)o/((NOs)o + (CI)o), for bundles which had been equilibrated in a nitrate-free solution. The data show that the C1 effiux is related to the ratio of the external nitrate to the total permeable anion content of the external solution. Therefore, the effect of a particular concentration of nitrate can be counterbalanced by increasing the chloride concentration, suggesting that C1-and N O 3-compete for the same sites.
It has previously been suggested that the predominant action of foreign anions is on the external surface of the muscle membrane (Spurway, 1965 a) . To see what effect internal nitrate has on the C1 efflux, bundles were equilibrated in 20 mM (C1)o-20 m u (NOs)o for 1.5 to 2 hr in order to obtain an internal nitrate concentration of 20 mM/kg water. Since this period of equilibration was longer than that used in the preceding experiments without internal nitrate, C1 effiuxes were measured after successive loading periods to see whether the time of equilibration affected the rate of C1 movement. The results of these experiments indicated that the time of equilibration has essentially no effect on the C1 eftlux up to periods of about 2 hr.
T h e possible irreversible effect of prolonged exposure to internal N O 8 and Pc~ must also be considered. For example, if the over-all Pcl were irreversibly increased by (NO3)~, then whatever reduction in Pcl was caused by (NOB), would be partly counterbalanced by the increased P c v Contrary to the general case, in three separate experiments the control values in (Cl)o were measured after the nitrate runs. In these experiments all the internal nitrate was removed by placing the bundle in Ringer solution until it gave a twitch in response to an electrical stimulus. This response requires a relatively high membrane potential and thus low internal anion concentrations w e r e achieved. The bundles were then loaded in 86C1 in the usual manner and the CI efl:lux measured. The average value found for the C1 effiux after the prolonged exposure to nitrate was similar to the total average C1 eftlux. It can therefore be concluded that the effect of (NO 3), is reversible and probably not greater than that measured.
The C1 eftlux (-J-SEM) into 20 rnM (CI)o from fibers equilibrated in 20 mM (NO3)o-20 mM (C1)o was reduced to 0.69 =J= 0.07 of the control value (Table  III) . The probability that these values are identical is less than 0.01. ~i T h e average value of the tl/2 for bundles equilibrated in 40 rnM (NO a)o--40 mM (C1)o, but washed in 40 mM (Cl)o and zero (NO8)o, was 9.5 min (Table  II) . This value is best compared with the Cl effiux in solution F which has the same concentrations of permeant and impermeant anions as the equilibration solution, thereby resulting in the same fiber volume for the test and control solutions. T w o bundles were loaded and washed in solution F (80 mM (Cl)o) with an average tx/2 of 7.6 min. The ratio of these half-times is 0.8 or a 20 % reduction in the C1 effiux when initially (NO~), = (CI)~ = 40 mmoles/kg fiber water.
The reduction of the C1 effiux by N O 8 is thus markedly dependent on the experimental conditions. Since C1 was essentially at equilibrium in these experiments, the effect of internal or external nitrate was not due to a simple exchange of N O 3 and C1 across the membrane. Nevertheless, these two nonequilibrium nitrate distributions showed that N O 3 moving inward has a much greater effect on the CI effiux than internal N O ~ moving outward.
The effect of nitrate was still greater when both CI and N O 3 were at equilibrium across the membrane. U n d e r these conditions when the CI and NO3 concentrations were equal the CI efttux was reduced 70 % (Table II , column IX). The probability that this equilibrium N O 3 effect on the Cl effiux is the same as the nonequilibrium (NO a)o effect is less than 0.05.
The equilibrium data of Table II further support the conclusion that t h e C l effiux is related to the ratio, (NO3)o/((NO3)o -J-(C1)o), since the reduction in If the actions of external and internal nitrate are brought about in a relatively simple manner, then the effect of external nitrate on the C1 effiux should be proportionately the same whether or not internal nitrate is present. The C1 efflux with internal N O 3 was 0.7-0.8 of the control efflux. The further reduction of the C1 efflux by external N O 3 should thus be about 50 %. In Table II , column VIII, it is seen that for 20 rn~ (NO3)~, external nitrate reduced the C1 efflux to 0.44 of the C1 efflux with internal nitrate. A similar result was found for 40 m_~ (NO3)~. It therefore appears that the internal and external nitrate effects are similar, differing only in magnitude.
Since the effect of internal nitrate is relatively small, the possibility of fiber volume changes will be considered for these solutions (Blinks, 1965; Boyle and Conway, 1941; Dydynska and Wilkie, 1963; Hill, 1930) . In the solutions used the osmotic and ionic strengths were kept nearly constant. However, there were usually small differences in the concentrations of the impermeant external species. In some cases the impermeant ion concentrations were unchanged. From data in Table II comparison of the CI efflux into 40 m u (C1)o from bundles which had been equilibrated in 40 rnM (C1)0-40 rnM (NO ~)o (solution E) was made with the CI effiux in 80 rnM (CI)o. These solutions (E and F) had exactly the same permeant and impermeant ion concentrations and an internal nitrate effect was present. In three separate experiments, the control values for the CI effiux were from solutions which had the same impermeant ion concentrations as the loading nitrate solutions. In these experiments the CI effiux with internal nitrate was 0.31, 0.83, and 0.67, respectively, of the control value. In one bundle, the C1 efflux was found to be identical in 20 rnM (Cl)o and 40 mM (C1)o. Further, the average values of the CI effiux in 20 and 40 mM (CI) o were the same. Since these solutions had the same difference in the permeant and impermeant ionic concentrations that were generally used, it is reasonable to conclude that the effect of internal nitrate is not an experimental artifact resulting from fiber volume changes. Furthermore, calculations based on the theoretical treatment by Boyle and Conway (1941 ) of the effect of fiber volume changes for the solutions used indicate corrections in the flux ratios to be less than twice the standard error of the mean.
In summary, these experiments show that both external and internal NO reduce the C1 effiux with the (NO 8)o action more effective than that of (NO ~)~. U n d e r equilibrium conditions the NO ~-C1 interaction is greater than the external N O 8 action, both of which are dependent on the relative proportion of N O ~ in the bathing solution.
Effects of p H on the Chloride Effiux
It has been shown conclusively by conductance and tracer measurements that increasing the pH enhances CI movements (Hutter and Warner, 1967 a, b) . This finding is confirmed in the following experiments and the relation between the effects of nitrate and pH is investigated.
The effect of pH on the CI efflux is illustrated in with and without nitrate is the same as t h a t found at p H 7. Progressive increases in p H at t2 and t 8 also show increased e~u x e s . Fig. 6 illustrates the p H d e p e n d e n c e of the CI e m u x by plotting the ratio of the e~u x at different p H to the efflux at neutral pH. At high p H the increase in the CI efflux can be seen from Fig. 6 to be a p p r o x i m a t e l y 40 %. T h e p H d e p e n d e n c e is r a t h e r steep from p H 6 to 7. Below p H 5 irreversible effects were generally seen. H o w e v e r , in the range, p H 5 to I0, the fibers usually responded in a reversible manner. To determine whether external nitrate shifts the p H curve the effect of (NO3)o on the C1 efflux was measured at different pH. If the nitrate and p H effects are independent, then the reduction of the C1 efflux by nitrate should be the same at each pH.
These experiments are illustrated by the first two runs of Fig. 5 . The fibers were loaded in 20 rnM radioactive chloride and initially washed into 20 mM (NO 3)0-20 la~ (C1)o at a particular pH. Maintaining the p H constant, the * All values g i v e n are m e a n values (4-sE~). T h e figure in the p a r e n t h e s e s following e a c h v a l u e refers to the n u m b e r of d e t e r m i n a t i o n s done. U n l e s s otherwise stated these b u n d l e s were e q u i l i b r a t e d in solutions A or C d e p e n d i n g on the chloride c o n c e n t r a t i o n .
§ C o n t r o l effluxes were d e t e r m i n e d on the s a m e b u n d l e in each e x p e r i m e n t .
[[ T h e b u n d l e s were e q u i l i b r a t e d in solution A. ¶ T h e b u n d l e s were e q u i l i b r a t e d in solution B. ** T h e b u n d l e s were e q u i l i b r a t e d in solution E. $~ T h e control v a l u e was the m e a n v a l u e of t h e CI efflux in 80 mM (C1). See T a b l e II.
solution was then changed to a nitrate-free medium and the control effiux was measured. The steepest portion of the p H curve is between p H 6.2 and 6.7, and thus, a shift of the curve would be most apparent in this region. It was found that the average values (+SEM) of the nitrate effect at p H 6.2 and 6.7 were 0.36 -4-0.05 and 0.37 4-0.07 of the control effluxes, respectively (Table  III) . It is therefore evident that the presence of external nitrate does not shift the p H curve. The ability of nitrate to reduce the C1 effiux at different p H for the case in which nitrate was present on both sides of the membrane was also observed to be similar to that found at neutral pH.
As is well-known anions can be grouped into a so-called Hofmeister series depending on their lyotropic character. Fig. 7 illustrates such a series in which a bundle was equilibrated in 20 mM (C1) and washed into 20 rn~ (C1)o plus 
Comparison of Conductance and Tracer Measurements
Apart from the interaction between chloride and foreign anions the question of the independence of C1 movements has been raised due to the discrepancy between conductance and tracer measurements (Adrian, 1962; Hodgkin and Horowicz, 1959) . However, this discrepancy only occurs in whole muscle experiments when extracellular corrections are made for the tracer fluxes. Under equilibrium conditions conductance measurements do not require such corrections.
In the sartorius it has been shown that the chloride conductance contributes to two-thirds of the total membrane conductance (Adrian and Freygang, 1962; Hutter and Noble, 1960) . The value of the total membrane resistance is about 4000 ohm-cm 2 (Fatt and Katz, 1951) . These values are consistent with a Pc1 of about 4 X 10 -s cm/sec as calculated from the constant field equation in Ringer solution. Using this Pc1 the value of the C1 efflux can be calculated from equation (3). Adrian (1962) has compared the calculated effiuxes for Pc~ = 4 × 10 -6 cm/sec and those found experimentally from the whole sartorius muscle. The calculated effiux for the equilibrium condition of 50 inM (KCI) and 120 mM (NaCl) is 330 pmoles/cm~sec. In a similar solution with 100 mM (KC1) the efflux would be 540 pmoles/cm2sec. The measured effiuxes under these conditions are 50 and 200 pmoles/cm ~, respectively. From conductance measurements involving three impaled microelectrodes Adrian and Freygang (1962) have estimated a slightly lower Pc~ of 2.2 X l0 -e cm/sec which is still not sufficiently low to account for the observed C1 effiuxes. Hutter and Warner (1967 b) have also found a similar discrepancy between the measured Cl effluxes and the constant field predictions.
Recently Harris (1965) has shown that Cl effiuxes from sartorii can be described by the constant field equation using a Pea of 1.8 X l0 -6 cm/sec which was corrected to 2.3 X 10 -e cm/sec. Other than the Adrian and Freygang estimate of Pea this value is also less than that determined by conductance measurements.
A further discrepancy between conductance results and tracer fluxes seen from temperature studies. The Q j0 of the membrane resistance in Ringer solution is 1.35 (del Castillo and Machne, 1953) and the contribution of chloride to the total membrane conductance is the same at 20 and 4°C (Hutter and Noble, 1960) . However, the temperature dependence of the C1 effiuxes from sartorii shows a rather greater Q~0 of 2.3 (Harris, 1965) .
It is thus quite apparent that measurements which involve extracellular space corrections generally lead to results different from those obtained in experiments which do not depend on such corrections.
In the experiments described in this paper which do not involve extracellular corrections the value of Pcx calculated by equation (1),
for the CI efflux from small bundles was 4.8 × I0 -e cm/sec. This figure agrees well with the average value of 4 X 10 -6 cm/sec found by Hodgkin and Horowicz (1959) on single fibers involving net movements of ions. The calculation of Pc1 by equation (1) does not require the assumption of a constant field. However, this equation can also be derived from the constant field equation which successfully predicts the C1 eittux in these experiments under equilibrium conditions in 53 mM (KCI) and 50 m~ (Na~SO4). It is therefore concluded that Cl movements in muscle are independent of each other at neutral pH. Hutter and Warner (1967 b) observed a greater C1 effiux from sartorii at pH 5.0 than that calculated using conductance data (Hutter and Warner, 1967 a) and the constant field assumptions, whereas, at pH 9.8, the observed
C1 effiux is much less. The discrepancy is not so great in toe muscles which showed an increase in the C1 efflux of about sevenfold from pH 9.8 compared to the fivefold increase in sartorii. The comparable increase in CA conductance was considerably larger suggesting that CA interaction occurs in alkaline solutions more so than under acidic conditions. For bundles from the semitendinosus the average increase in the CA efflux at high p H was by a factor of 1.4. T h e corresponding increase in conductance was about 1.5 (Hutter and Warner, 1967 a, Fig. 9) . Thus, there is little discrepancy, if any, at high pH between the predicted and measured effiuxes since the conductance and tracer data agree at neutral pH.
At low pH the data of Hutter and Warner (1967 a, b) indicate a lower Pc1 for the conductance data compared to the C1 effluxes. Data reported in this paper show a reduction of the C1 efflux at pH 6.3 to one-third of the control value which is comparable to the Pc1 change observed in the conductance measurements (Hurter and Warner, 1967 a) . This suggests that the reduction of the C1 effiux at low pH is the same as predicted by the constant field theory.
The finding of the lack of CA interaction at any p H detracts from the hypothesis that nitrate or pH acts by altering the degree of C1 interaction. It is possible that part of the mechanism of the NO 3-CA interaction is some sort of single file process (Hodgkin and Keynes, 1955) which occurs only in the presence of foreign anions. However, this is unlikely, since in such a case there would be a discrepancy between the conductance and tracer measurements. In conductance experiments on the semitendinosus the reduction in Pm by 50 % (NO 3) o-50 % (C1) o was estimated to be about one-half which is the same as that found by the tracer method under comparable conditions (L. E. Moore, unpublished).
Asymmetry of the Nitrate Action
The apparent asymmetry of the muscle membrane to the action of NO 8 ions can be explained by a hypothesis which partially takes into account the nonequilibrium nature of these experiments. Consider first case I, when NO 3 is present only in the external solution at the beginning of the efflux period. In the diagram of Fig. 8 , the NO3 concentration profile is labeled t --0. At t = tvo,, the time constant (1/kNos) of the NO3 efflux, the concentration profile is seen to be less steep resulting in an increased NOn concentration at the center of the membrane and a substantial internal nitrate concentration. In these ideal concentration profiles the partition coefficient of N O 3 has been assumed to be unity. For case II, when N O 3 is initially present only inside the fiber the concentration profile is seen to be exactly symmetrical to case I at t --0. However, after the elapse of t = t~o8, the internal nitrate concentration has fallen since the external NO s concentration is zero. The concentration profile is now less steep which results in a membrane concentration of NO 3 much less than the corresponding value for case I. It is thus possible that the asymmetry seen experimentally is due to the method of measurement.
The apparent asymmetry of the effect of foreign anions on the frog muscle membrane has been recently reported by Spurway (1965 a) and earlier by Harris (1958) . Spurway found that when Br or NO8 replaced (C1)o, the 38C1 effiux was reduced to 0.56 and 0.30 of the control values, respectively. Similar measurements showed that the 8~Br efflux into (C1)o was greater than into (Br)o. When the S~Br efflux into (C1)o was used as the control value, it was found that when Br and NO a replaced (C1)o the S2Br efflux was reduced 
FNOi-h =o
Ideal concentration profiles in membrane for nitrate. The membrane potento 0.59 and 0.36 of the control values, respectively. This result is quite similar to that for the 86C1 efflux possibly suggesting that external anions provide the major rate control. The ratio of the S~Br efflux into (C1)o to the 36C1 efflux into (C1)o was 0.8. This difference in the two effluxes could be due to the presence of some Br ions just outside the membrane in the S2Br experiments. However, this result could equally well be explained by the hypothesis that internal Br reduced the S~Br efflux into (CI)o by 20 %. Consistent with an internal anion effect is the finding that mI efflux into iodide-free chloride solution is much less than 86CI efflux in the same muscle (Hutter and Warner, 1967 c) . Abbott (quoted by Hill and Macpherson, 1954) has measured the iodide efflux into chloride solution from whole muscle and found a tl/2 of about 90 min. Since these experiments were done in whole muscle the extracellular space could not be entirely free of iodide. However, it is difficult to construct a model in which the external iodide alone could have caused such a marked reduction in the iodide efflux. The C1 efflux under these conditions has a fi/~ of about 10 rain in whole muscle (Levi and Ussing,
1949), and thus, the effect of internal iodide on the iodide efflux would be a 90 % reduction if the normal anionic efflux were given by the control of C1 efflux. Hutter and Warner (1967 c) have also shown that the efflux of ssCl from muscles loaded with inactive iodide was about one-half that of the control muscle loaded with chloride only. It would thus appear on the basis of the experiments described in this paper and the results of Hurter and Warner (1967 c) that there is no compelling evidence for the view suggested by Spurway (1965 a) that the site of anionic interaction is on the external surface of the muscle membrane.
Effect of p H and Nitrate on the Chloride Effiux
The finding that the p H and N O 3 effects are independent is consistent with the hypothesis that there are separate sites for these interactions. The p H effect is mediated through the external surface (Hurter and Warner, 1967 a) and the N O ~-C1 interaction is symmetrical across the membrane. Hutter and Warner (1967 c) found that when half the extracellular chloride was replaced by iodide the reduction of the C1 effiux was 19 % of the control in alkaline solution (pH 9.8), but only 40 % at p H 5 suggesting that the adsorbability of chloride and iodide ions is less different in acid solutions. Considering that the C1 efflux at p H 5 from whole sartorius muscle is high compared to the conductance results it would appear that there is a slow component of the CI effiux at low p H not accounted for in the muscle membrane. This may be related to the slow tendon compartment seen in bundles from the semitendinosus reported in this paper. It is of interest that the reduction of C1 efflux in bundles by 50 % (I) is to about 20 % of the control value at neutral pH. Also, the C1 efflux from whole muscle under similar conditions is reduced to 25 % (Harris, 1958) . It therefore seems probable that the smaller iodide effect on the C1 efflux from whole muscle at low p H is due to an additional compartment.
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